T , a Gram-stain-positive, non-motile, non-spore-forming, coccus-shaped bacterium, was isolated from drainage of India Pesticides Limited, a lindane-producing unit situated at Chinhat, Lucknow, India. 16S rRNA gene sequence analysis revealed that strain RP1 T belongs to the family Propionibacteriaceae and was closely related to the members of the genus Tessaracoccus with a similarity range of 95.4-97.6 %. Strain RP1 T was facultatively anaerobic, oxidase-negative, catalase-positive and capable of nitrate reduction. Strain RP1 T contained peptidoglycan type A3c9, with LL-diaminopimelic acid as the diagnostic diamino acid and glycine at position 1 of the peptide subunit. The major cellular fatty acid of strain RP1 T was anteiso-C 15 : 0 but a significant amount of iso-C 14 : 0 was also detected. MK-9(H 4 ) was the major respiratory quinone and polyamines detected were spermine and spermidine. The polar lipids included diphosphatidylglycerol, phosphatidylglycerol, two unknown glycolipids and two unknown phospholipids. The G+C content of the DNA was 66.7 mol%. 
T , a Gram-stain-positive, non-motile, non-spore-forming, coccus-shaped bacterium, was isolated from drainage of India Pesticides Limited, a lindane-producing unit situated at Chinhat, Lucknow, India. 16S rRNA gene sequence analysis revealed that strain RP1 T belongs to the family Propionibacteriaceae and was closely related to the members of the genus Tessaracoccus with a similarity range of 95.4-97.6 %. Strain RP1 T was facultatively anaerobic, oxidase-negative, catalase-positive and capable of nitrate reduction. Strain RP1 T contained peptidoglycan type A3c9, with LL-diaminopimelic acid as the diagnostic diamino acid and glycine at position 1 of the peptide subunit. The major cellular fatty acid of strain RP1 T was anteiso-C 15 : 0 but a significant amount of iso-C 14 : 0 was also detected. MK-9(H 4 ) was the major respiratory quinone and polyamines detected were spermine and spermidine. The polar lipids included diphosphatidylglycerol, phosphatidylglycerol, two unknown glycolipids and two unknown phospholipids. The G+C content of the DNA was 66.7 mol%. The levels of DNA-DNA relatedness between RP1 T and Tessaracoccus lubricantis KSS-17Se T , Tessaracoccus oleiagri SL014B-20A1
T and Tessaracoccus flavescens SST-39 T were 49.8, 34.8 and 23.5 %, respectively. Based on the phenotypic and phylogenetic data presented, strain RP1 T can be differentiated from previously described species of the genus Tessaracoccus, and thus represents a novel species, for which the name Tessaracoccus flavus sp. nov. is proposed. The type strain is RP1 T (5DSM 100159 T 5MCC 2769 T 5KCTC 39686 T ).
The genus Tessaracoccus was first described by Maszenan et al. (1999) as the member of the family Propionibacteriaceae (Delwiche, 1957) , the description of which has been emended twice (Stackebrandt et al., 1997; Zhi et al., 2009) . At the time of writing, there were six validly named species within this genus, namely: Tessaracoccus bendigoensis (Maszenan et al., 1999) , T. flavescens (Lee & Lee, 2008) , T. lubricantis (Kämpfer et al., 2009), T. oleiagri (Cai et al., 2011) , T. lapidicaptus (Puente-Sánchez et al., 2014) and T. rhinocerotis (Li et al., 2016) . These species have been isolated from diverse niches, namely activated sludge biomass, marine sediment, metalworking fluid, oil-contaminated saline soil, deep subsurface of a pyrite belt and faeces of Rhinoceros unicornis, respectively.
The type strains of the genus Tessaracoccus are Gramstain-positive, facultatively anaerobic (except T. lubricantis), non-spore-forming, non-motile, oval, coccus-to rodshaped bacteria. The cell-wall peptidoglycan is of type A3c9, with LL-diaminopimelic acid (LL-Dpm) as the diagnostic diamino-acid. MK-9(H 4 ) is the major respiratory quinone and anteiso-C 15 : 0 is the predominant cellular fatty acid (Maszenan et al., 1999) .
We have already characterized several novel bacterial species from stressed environments including fly ash dumping sites of thermal power plants in Delhi and Kanpur, India (Prakash & Lal, 2006; Prakash et al., 2007) , oil-contaminated site, Panipat oil refinery, India (Gupta et al., 2008 (Gupta et al., , 2009 , and a hexachlorocyclohexane dumpsite, situated at Ummari village, Lucknow, India (Kumar et al., 2008 (Kumar et al., , 2015 Singh & Lal, 2009; Verma et al., 2009 Verma et al., , 2015 Sharma et al., 2010; Malhotra et al., 2012; Dwivedi et al., 2013; Singh et al., 2013 Singh et al., , 2014 Singh et al., , 2015 Mahato et al., 2015) . To further analyse the bacteria from the hexachlorocyclohexane dumpsite, samples were collected from the drainage system of a lindane-producing unit (Lucknow, Uttar Pradesh, India; 268 549 N 818 099 E). The samples were serially diluted and plated on Luria-Bertani (LB) agar plates amended with streptomycin-nystatin and incubated at 28 8C for 3-4 days. A yellow colony that appeared after 72 h of incubation was picked and purified by repeated streaking on LB agar and designated strain RP1 T . In this study, we present the taxonomic characterization of strain RP1
T using a polyphasic approach (Vandamme et al., 1996; Kumar et al., 2015) .
The 16S rRNA gene of strain RP1
T was sequenced using an ABI Prism 3700/373061 sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi South Campus, New Delhi, India. The sequence obtained was assembled using Sequencing Analysis version 5.1.1 (Applied Biosystems) and Clone Manager software version 5 (Sci-Ed). A continuous stretch of 1396 bp of the 16S rRNA gene sequence was obtained and subjected to similarity searches using the BLASTN program of the National Center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/Blast.cgi). A non-redundant BLASTN search of full-length sequences through GenBank (Altschul et al., 1990) and EzTaxon-e Server (Kim et al., 2012) identified the closest relatives of strain RP1
T . Strain RP1 T showed highest sequence similarity to T. lubricantis KSS-17Se T (97. A phylogenetic tree was reconstructed using 16S rRNA gene sequences of closely related species selected from the EzTaxon-e Server. The 16S rRNA gene sequence of Streptomyces griseus KCTC 9080 T was used as an outgroup and the selected sequences were aligned using the program CLUSTAL X version 2.1 (Larkin et al., 2007) . Phylogenetic analysis was carried out using MEGA version 6 (Tamura et al., 2013) . The evolutionary distance matrix was calculated using the distance model of Jukes & Cantor (1969) and an evolutionary tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) (Fig. 1) . The evolutionary history was also inferred using the maximum-likelihood method (Felsenstein, 1981) and maximum-parsimony method (Kluge & Farris, 1969) (Fig. 1) . The robustness of the resultant tree topology was evaluated by bootstrap resampling analysis with 1000 replicates (Felsenstein, 1985) . The phylogenetic tree showed that strain RP1
T falls in the clade containing members exclusively belonging to the genus Tessaracoccus (Fig. 1 ).
To further classify the status of strain RP1 T , T. lubricantis KSS-17Se T (5DSM 19926 T ), T. flavescens SST-39 T (5DSM 18582 T ) and T. oleiagri SL014B-20A1 T (5DSM 22955 T ) were obtained from Leibniz-Institut DSMZ -Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ; Braunschweig, Germany) and DNA-DNA hybridization was performed using the membrane filter method (Tourova & Antonov, 1988) as these strains showed more than 97 % 16S rRNA gene sequence similarity (Stackebrandt & Goebel, 1994) . Total genomic DNA of all strains was extracted and purified.
Hybridization was done at CSIR-Institute of Genomics and Integrative Biology, Delhi. The amount of bound probe DNA was calculated by using a scintillation counter (Hidex Noki Technologies). DNA relatedness was calculated on the basis of the data obtained, and the arithmetic mean of three replicates was taken. Strain RP1
T showed DNA-DNA hybridization values of 49.8, 34.8 and 23.5 % with T. lubricantis DSM 19926 T , T. oleiagri DSM 22955 T and T. flavescens DSM 18582 T , respectively (Table S1 , available in the online Supplementary Material), which are well below the threshold value of 70 % recommended for the delineation of bacterial species (Wayne et al., 1987) . DNA-DNA hybridization studies further suggest that strain RP1 T represents a novel species of the genus Tessaracoccus.
The cell morphology of strain RP1
T was examined by using a transmission electron microscope (Morgagni 269D; Fei) at All India Institute of Medical Sciences, Delhi, India (Fig. S1 ). Microscopic study revealed that strain RP1 T was non-motile. The absence of flagella was further confirmed by a gliding motility test in fresh LB broth culture using the hanging drop method (Bowman et al., 2003) . The Gram-stain test was performed using a Gram-staining kit (HiMedia) and the strain was found to be Gram-stainpositive. Catalase activity was tested by adding 3 % (v/v) hydrogen peroxide solution to the colonies on LB agar plates (McCarthy & Cross, 1984 ). Oxidase activity was tested using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). The following tests were performed according to the indicated references: utilization and acid production from carbohydrates in basal media with bromocresol purple as pH indicator (Gordon et al., 1974) ; degradation of xanthine and hypoxanthine (Gordon et al., 1974) ; hydrolysis of Tweens 20 and 80 (Arden Jones et al., 1979) ; hydrolysis of aesculin, casein, gelatin and starch (Cowan & Steel, 1965) ; urease activity (Christensen, 1946) ; indole production and nitrate reduction (Smibert & Krieg, 1994 ). Citrate utilization was tested using Simmons' citrate agar (HiMedia). H 2 S production was tested using triple-sugar iron agar (HiMedia). Other biochemical properties were determined with the API20NE kit (bioMérieux) according to the manufacturer's instructions. Anaerobic growth was tested by growing the strains in a Bactron Anaerobic/Environmental Chamber (Shel Lab) at Technology Based Incubator, University of Delhi South Campus, New Delhi. To determine the optimal temperature for growth of strain RP1
T , broth cultures were incubated at 4, 15, 25, 28, 37, 40, 45 and 50 8C. The pH range for growth was tested in LB broth at 28 8C, after adjusting the medium to pH 2.0-13.0 (at intervals of 1.0 pH unit) with citrate/phosphate or Tris/HCl buffer. The range of NaCl concentration for growth was determined in LB broth supplemented with 0-12 % (w/v) NaCl. Bacterial growth was determined by measuring OD 600 variations of triplicate cultures compared with uninoculated controls. Antibiotic sensitivity tests were performed using Kirby-Bauer antibiotic testing (KB testing or disc diffusion antibiotic sensitivity testing) (Bauer et al., 1966) at 28 8C on Müller-Hinton agar (HiMedia) using antibiotic sensitivity discs (HiMedia) as follows (concentration in mg per disc): amikacin (30), ampicillin (10), chloramphenicol (30), ciprofloxacin (5), gentamicin (10), kanamycin (30), nalidixic acid (30), oxytetracycline (30), penicillin-G (10), polymyxin B (300), rifampicin (5), tetracycline (30) and vancomycin (30). Zones of inhibition were determined after incubation at 28 8C for 3 days. The DNA G+C content of strain RP1 T was calculated by the method described by Gonzalez & Cell biomass for analysis of polar lipids, peptidoglycan, quinones and polyamines was obtained by growing cultures in LB broth at 28 8C with shaking at 200 r.p.m. followed by freeze drying. Polar lipids were extracted from 100 mg of freeze-dried cell material using a chloroform/methanol/0.3 % aqueous NaCl mixture 1 : 2 : 0.8 (by vol.) (modified after Bligh & Dyer, 1959) . Polar lipids were separated by two-dimensional silica gel TLC (HPTLC silica gel 60 F 254 ; Merck; art. no. 1.05628.0001). The first direction was developed in chloroform/ methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Total lipid material was detected using molybdatophosphoric acid and lipids were detected using spray reagents specific for defined functional groups according to the method described by Tindall et al. (2007) . The peptidoglycan was isolated, purified and analysed according to protocols published by Schumann (2011) . Quinones were extracted from 200 mg of dry cell mass with 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 8C boiling point) at a ratio of 1 : 1 (Collins et al., 1977) . The upper phase was collected and dried in a rotary evaporator. The concentrated residue was dissolved in 100 ml acetone. The dissolved extract was loaded on a TLC plate (Silica gel 60 F 254 , 20620 cm) using petroleum ether and diethyl ether (85 : 15, v/v) . Purified menaquinone was dissolved in diethyl ether and analysed by reversed-phase TLC according to the method of Collins et al. (1980) and the profile was compared with those of T. lubricantis KSS-17Se T and T. flavescens SST-39 T as reference strains. Bacterial polyamines were extracted as described by Busse & Auling (1988) and Table 1 . Differential characteristics between strain RP1
T and its closest neighbours belonging to the genus Tessaracoccus pH for growth (range; optimum) 7-10; 8 6-10; 7 7-11; 8 6-12; 7 NaCl concentration for growth (range; optimum; %, w/v) 1-7; 5 1-8; 4 1-7; 3 1-8; 4
Aesculin hydrolysis Fig. S2 ). Strain RP1
T had peptidoglycan type A3c9 (LL-Dpm-Gly) with glycine at position 1 of the peptide subunit. The menaquinone detected was MK-9(H 4 ) and major polyamines were spermine and spermidine.
Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secunderabad, India. Standardization of the physiological age of strain RP1
T and its nearest neighbours was achieved by the usual protocol of the Sherlock Microbial Identification System (MIDI; http://www. microbialid.com/PDF/TechNote_101.pdf). For this, each strain was grown on trypticase soy broth agar (HiMedia) for 24 h at 28 8C. Fatty acid methyl esters were analysed from two to four loops of inoculum scraped from the third quadrant of a Petri dish, which was then subjected to saponification, methylation and extraction using the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated using the MIDI protocol and identification of the fatty acids was made using the Aerobe TSBA 60 version 6.0 B database. The major cellular fatty acids of strain RP1
T were anteiso-C 15 : 0 (44.3 %) and iso-C 14 : 0 (18.0 %) ( Table 2 ). The fatty acid profile of strain RP1
T revealed qualitative and quantitative differences in comparison with the profiles of the closely related strains, further suggesting that strain RP1
T represents a novel species of the genus Tessaracoccus (Table 2 ).
Phylogenetic analysis showed that strain RP1
T clustered together with other members of the genus Tessaracoccus (Fig. 1) . Additionally, the strain was positive for nitrate reduction and its peptidoglycan type was A3c9, two characteristics that are common to all known members of the genus Tessaracoccus but absent in closely related genera (Bae et al., 2006) . This supports the inclusion of strain RP1 T in the genus Tessaracoccus. Based on the phylogenetic analysis using 16S rRNA gene sequences, DNA-DNA hybridization relationships with closely related members of the genus Tessaracoccus, morphological and physiological properties, biochemical features and chemotaxonomic studies, it can be concluded that strain RP1
T represents a novel species of the genus Tessaracoccus, for which the name Tessaracoccus flavus sp. nov. is proposed.
Description of Tessaracoccus flavus sp. nov.
Tessaracoccus flavus (fla9vus. L. masc. adj. flavus yellow).
Cells are Gram-stain-positive, facultatively anaerobic, non-flagellated, non-motile, non-spore-forming and coccus-shaped (0.4-1.0 mm). Colonies are yellow, circular and appear after 48 h of incubation. Growth occurs between 15 and 45 uC, with an optimum at 28 uC, the pH range for growth is from pH 7 to 10, with pH 8 being the optimal value, and cells can tolerate up to 7 % (w/v) NaCl with an optimum at 5 %. Catalase-positive and oxidase-negative. Nitrate is reduced, but indole and H 2 S production are absent. Hydrolyses aesculin and b-galactosidase but not xanthine, hypoxanthine, urea, starch, casein, gelatin, Tween 20 or Tween 80. tetracycline. The peptidoglycan is of type A3c9, with LLDpm as the diagnostic diamino acid and glycine at position 1 of the peptide subunit. The polar lipid composition includes diphosphatidylglycerol, phosphatidylglycerol, two unknown phospholipids and two unknown glycolipids. The predominant fatty acids are anteiso-C 15 : 0 and iso-C 14 : 0 . MK-9(H 4 ) is the major menaquinone and spermidine and spermine are the main polyamines.
The type strain, RP1 T (5DSM 100159 T 5MCC 2769 T 5 KCTC 39686 T ), was isolated from the drainage system of a lindane-producing unit in India. The DNA G+C content of the type strain RP1
T is 66.7 mol%.
